Both types of operation present management problems. Swim-with-wild-cetacean programs are perceived to present particular problems associated with the close proximity of both vessels and swimmers to the cetaceans (IWC 1997) . The assumption is that this entails a greater risk to both cetaceans and humans involved in in-water encounters. It has led to bans on swim programs with whales in various countries (e.g., United States of America, New Zealand, South Africa). A review of swim programs by the Scientific Committee of the International Whaling Commission (IWC) noted that "the available evidence indicated that swim-with programmes in the wild could be considered as being highly invasive" (IWC 2000) . The Whale and Dolphin Conservation Society (WDCS 2000) clearly highlighted specific concerns, i.e.; 1. initiation and maintenance of encounters are not under the control of cetaceans, with risk of harassment and stress to cetaceans 2. disruption of 'normal' behaviour, e.g. feeding, calving, mating, socialising 3. displacement from normal habitat 4. cumulative effects of swim program activity 5. risk of injury to whales 6.
risk of injury to humans
The IWC Scientific Committee also noted, however, that "the impact of swim-with programmes in the wild will vary among species, populations and locations and, therefore, that the impacts of such programmes should be assessed on a case by case basis" (IWC 2000) . Studies to date have been almost exclusively on odontocetes; a recent review (Frohoff 2000) included data on 17 species, 15 within the family Delphinidae. In this paper, we present some preliminary results from our study of a small but growing industry, based on swims with a baleen whale, the dwarf minke whale Balaenoptera ?acutorostrata (Best 1985; Arnold et al. 1987) , on the northern Great Barrier Reef (GBR). Since the taxonomic status of this species is unresolved, it is hereafter referred to by its common name. In this paper, we concentrate on points 1, 2, 5 and 6 raised by the WDCS, with some discussion of changes to certain behaviours and the potential for cumulative effects. A more general discussion of behaviour, acoustic profiles of the vessel and the potential for displacement from normal habitat are subjects of separate studies which will be reported elsewhere.
METHODS
Commercial dive vessels run regular live-aboard cruises from 3 -6 days long, which primarily visit the outer Ribbon Reefs or patch reefs just to the west (leeward). Sites used vary from vessel to vessel and depend on their ability to anchor in deep water (over 30 m) off the reef or moor at specially constructed mooring sites on particular reefs. These live-aboard cruises operate throughout the year but dwarf minke whales are sighted in the period March -October. Arnold (1997) noted that about 80% of the sightings were in June and July; these figures were based on early records from dive vessels at a time when encounters with dwarf minke whales were primarily opportunistic. Since then, advertised dwarf minke whale trips have been run during this 5 -6 week midwinter period and our observations have focused on that period.
Observations were made from a 25 m commercial dive vessel, Undersea Explorer, primarily in the Cairns section of the GBR Marine Park (Fig. 1) , from 1996 -2001 . In this area the continental shelf is usually less than 50 km wide. Along the edge of the shelf is an almost continuous series of Ribbon Reefs usually 5 -10 km (but up to 25 km) long and usually less than 500 m across. The reefs rise from the sea floor 30 -50 m deep; they are separated by channels usually less than 1 km wide (Hopley 1984) . The edge of the shelf plunges steeply to the deep water of the Coral Sea. All observations from Undersea Explorer were made in a 5,000 km 2 area stretching from just south of Opal Reef (16° 15' S, 145° 52' E; approximately 50 km ENE of Port Douglas ( Fig. 1) to 'One and a Half Mile Opening', northwest of Hicks Reef (14° 25' S, 145° 26' E; approximately 25 km north of Lizard Island) (Fig. 1 ). There were a few observations outside the outer barrier reefs in about 500 m depth but the vast majority of sightings were within 10 km of the back edge of the reefs in water 20 -40 m in depth. We particularly focussed our observations on a 500 km 2 area running 50 km north from the three plug reefs at the southern end of Ribbon Reef 10 ( Fig. 1) to Day Reef.
Direct observations of whale-swimmer interactions were carried out on Undersea Explorer. A watch was kept during daylight hours (0630-1800) both while the vessel was moored at a reef and during transits between reefs, except when weather conditions (Beaufort 4 or above; rain squalls) limited observations. Committed searches for whales were carried out especially in the area to the west of Ribbon Reef 10. The number of observers varied from 1 -4 in open water; there was usually a single observer at reefs. Passengers could also act as observers but did so only episodically. Cruising speed was 8.5 -9 knots. If whales were spotted at a distance greater than 100 m, the vessel maintained course until it was in the general area where whales had been seen (dwarf minke whales are relatively small (maximum recorded length 7.8 m: Best 1985), rarely show an obvious blow, and generally surface only once, making it impossible to predict their direction of travel). The engines were put in neutral and the vessel drifted with the wind. If the whales were seen at a distance estimated as less than 100 m, the vessel was stopped and allowed to drift. If whales were not seen again within 15 min, the vessel resumed course. If whales approached the vessel, two 50 m ropes were trailed upwind from the bow and stern respectively. One researcher (usually RAB) and one crew member (usually the videographer, M. Matthews) took up positions at the end of each rope. Subsequently, passengers would take up positions on the bow or stern line as spaces became available. One observer would monitor the encounter from an observation point on top of the wheelhouse, as well as co-ordinate data recording by crew.
Topside information was recorded in a notebook, using codes for behavioural events and diagrams of the layout of vessel and ropes. Basic behaviours are documented in Birtles and Arnold (2002) . Data were transcribed to data sheets at the end of each day. Distances were estimated; visual cues included the length of the lines, marked out in 5 m intervals, and the size of swimmers, as well as distance between the ropes so that estimates close to the vessel were more accurate than those in the distance. Underwater observations were recorded on plastic film attached to a slate; underwater photographs were taken with a Nikonos V. Underwater video was taken, primarily with a Sony mini-DV camera. The extensive video and photo documentation needed for photo-IDs was only possible from 1999, with funding from Environment Australia; more detailed results from this time period are presented in this paper. When an encounter was terminated, an observer was always stationed topside to monitor positions of whales before the engines were put in gear. Initially the vessel was run at no wake speed, increasing in speed when whales were no longer approaching closely (though whales could still be within 100 m of the vessel).
Terminology
An 'encounter' is defined as a session with minke whale(s), from the first sighting by a passenger/crew member/researcher to the end of the vessel's contact with the whale(s). Encounters could include whale(s) seen at a distance but only if they could be identified as a minke whale. Where whale(s) approached the vessel, the session was described as an 'interaction'. This could (and usually did) lead to an 'in-water interaction'. Thus all interactions were encounters but not all encounters led to an interaction. Encounters are numbered in the format year.month.day. encounter number, e.g., 99.6.20.1 is the first encounter on June 20, 1999.
RESULTS

Characteristics of encounters Encounter rates
Total number of encounters per year (Table 1) varied from 11 in 1996 (5.5 encounters/week of field season) to 60 in 2000 (10 encounters/week), with rates of 7.5 -8.2 encounters/week in seasons 1997 -1999.
Interaction rates
Dwarf minke whales were encountered both while moored at a reef and while steaming in open water, except in 1996 when whales were only encountered in open water. In all cases, not only were there more open water encounters (probably reflecting the greater area searched) but these contained higher percentages of approaches by the whales leading to an interaction (Table 2 ): 73% to the vessel drifting in open water (n = 85) vs 46% to the vessel while moored on a reef (n = 45). A higher percentage of the open water, drifting encounters led to interactions lasting longer than an hour: 47/85 (55.3%) with the drifting vessel; 12/45 (26.7%) with the vessel moored at a reef. There was, however, considerable variation from year to year for both open water and reef encounters.
Length of encounters
Mean length of reef encounters varied from 0.5 hr (in 1997) to 1.1 hr (in 1999); the value for 2000 was 1.0 hr (Table 1) . Mean length of open water encounters ranged from 1.3 hr (1997) to 2.1 hr (1999) with a value of 1.8 hr in 2000. Encounter lengths in open water may be underestimated as many (e.g., 59% in 1999) were broken off by the vessel (e.g., to allow mooring at a reef in daylight hours or to undertake a reef dive). Combining reef and open water encounters, the mean length of encounter ranged from 1.3 hr (1996) to 1.8 hr (1999); the corresponding figure for 2000 was 1.4 hr. This compares with a mean of 1.2 hr recorded from a survey of live aboard dive vessels during 1991 -1995 (n = 35). It was not always possible to separate those encounters into reef and open water encounters, however about 90% of the encounters appeared to be on a reef (Arnold 1997). About half (21/41) of the encounters during 1999 exceeded 1 hr contact time (Table 3) , however this could vary from week to week (Table 3) , with 5/6 encounters during July 11 -16 being extended, while only 1/7 encounters exceeded 1 hr during the following week.
Numbers of whales in encounters
The average number of whales for reef encounters in 1999 was 2.3 (range 1 -12, n = 10), however this value was elevated by a single encounter at Pixie Reef (99.7.5.1) at which 10 -12 animals were seen. The average number for open water encounters was 5.7 (range 1 -25, n = 25). Most of these counts are based on maximum counts at any one time. Those interactions in which underwater observations and underwater video have been analysed reveal, however, that new whales may add in throughout an encounter. Thus the total number of whales in an encounter may exceed the maximum counts of whales at any one time, either from the surface or underwater.
During open water encounters, the vessel drifted under the influence of wind, waves and tidal currents. Mean drift during encounters in 1999 was 8.9 km (range 2.8 -18.5 km, n = 15; Fig. 2 ), during which time whales had to maintain position with the vessel for periods up to 6 hr. Only 1 -2 whales were seen during the shortest drifts (2.8, 4.6 km); best estimates for the total number of whales per encounter ranged from 5 to 7 -12; (represented by mean = 9.5 in Fig. 2) for drifts of 5.2 -15.3 km, with no clear correlation of numbers and length of drift over that range (Fig. 1 ) . The largest numbers in an encounter (20 -25) occurred in the two longest drifts (17.3, 18.5 km).
Presence of cow-calf pairs
A cow-calf pair was seen in encounters 99.7.5.1, 99.7.5.2, 00.7.9.1 and 00. 
'Friendly behaviour'
The behaviour of the dwarf minke whales around vessels and swimmers in some respects mirrors the so-called 'friendly' behaviour of gray whales Eschrichtius robustus as documented by Jones and Swartz (1984) . Of the 15 features listed by those authors, seven are in common: 1) participation by whales of different size classes (though apparently less participation by cow-calf pairs in dwarf minke whales (see above); 2) bubble blasts in the general vicinity of the vessel and swimmers (see below); 3) approach and maintenance of contact with an anchored vessel, as well as drifting vessels in the case of dwarf minke whales (see above); 4) an apparent accumulative affect resulting in large groups (20 in case of E. robustus; at least 25 in case of dwarf minke whales); 5) 'chronic' curious behaviour of individual whales, including from year to year in both E. robustus and dwarf minke whales (see below); 6) following of slow moving vessels and 7) attempts to follow vessels departing at speed (up to 6 knots for E. robustus; 12 knots for dwarf minke whale).
Occurrence of feeding
We have documented 181 encounters, with 266 contact hours during 1996 -2000 but have not seen any evidence that the whales are feeding over the continental shelf. In 1999 -2000, we recorded cases of engulfment behaviour (such as encounter 99.6.20.1). Whales were observed underwater (and video and photographs taken) opening their mouth, exposing the baleen plates and inflating the throat to varying degrees. No aggregations of food were visible and we can not consider the behaviour seen as evidence of feeding. On 3 July 2001, during an encounter on another vessel at Lighthouse Pinnacle (near Ribbon Reef 10), video was taken of defecation by a single whale, however this is the only instance we have seen in six field seasons.
Re-sighting within years
Since 1998, we have concentrated our search effort in an area to the west of Ribbon Reef 10, where dwarf minke whales have been regularly reported (see Methods), in order to maximise chances of resightings. We are still analysing images (both underwater photographs and video) and the animals recognised so far are those with the most conspicuous scar and/or colour patterns. So far thirteen individuals have been recognised as re-sightings in the 1999 season data; re-sightings occurred either once (10 animals) or twice (3 animals) ( Table 4) . Animal 99.6.21.2.1 (SCRATCHY) was re-sighted 16 days later in the same location it was first seen. By contrast, animal 7.5.2.9 (SHARK ATTACK) moved 40 km to the north within two days. The short-term movements indicated by re-sightings (20 -40 km) exceeded the length of the longest drift tracks and could be either to the north or south, suggesting that whales might be encountered almost anywhere within the region searched.
Re-sightings indicate that groups associated with vessels are unstable in their composition through a period of days to weeks. During encounter 99.6.30.2, 25 whales were sighted over a drift track of 18.5 km. Six of these were re-sighted (Table 4) . Whale 99.6.30.2.20, (SCRATCH) was seen with whales 4, 5, 7, 8 and 9. It was re-sighted 12 days later (Encounter 99.7.12.1) with three new whales (11, 12, 13) . Next day (Encounter 99.7.13.1) SCRATCH was with two whales (4,5) from the June 30 encounter and two whales (12,13) from the previous day. Whale 9 (99.6.30.2.32, DIVIDED NAPE STREAK SPOT) was seen on 30 June with whales 4 -8. It was sighted five days later, 20 km to the south of the first sighting, by itself. The mean time between first and last sightings of the 13 animals identified in the 1999 field season (35 days long) was 8.6 days. The longest separation between sightings was 16 days (see above). Whales that were re-sighted did not necessarily remain in the area between sightings. Animal 99.6.30.2.20 (SCRATCH) was seen on 30 June, then again on 12 July. The re-sighting revealed a new oval scar on the back, probably from the open ocean dwelling cookiecutter shark Isistius sp. The appearance of a fresh oval scar would suggest that the whale had been in open water between the sightings on 30 June and 12 July (see Discussion).
Re-sighting between years
Three of the whales re-sighted in 1999 were subsequently re-sighted in the same general area during the 2000 field season (Table 4) 
Risk analysis
Risk of injury to whales
As indicated above (Length of encounters), encounters on the reef are with a moored or anchored vessel. In open water the engine is stopped, thus the vessel is drifting, to allow safe entry and exit of snorkellers from the stern. Under these circumstances, the risk of injury to the whales, either from vessel strike or from propeller gashes, is minimised despite the extended length of the encounter and the close proximity of whales to the vessel and swimmers. We have not seen scars that can be unequivocally attributed to vessel activity (e.g., propeller scars, signs of vessel strike), however one animal (CHOMPED, encounter 99.7.7.2) had massive scars of unknown origin looking as if much of its back had been peeled back. We have seen black blotches appear where a whale rubbed along the aluminium keel of a dinghy, as well as other markings associated with nudging the duckboard of the vessel or brushing against a chain hanging in the water. (Table 4) , the animal first appeared ascending vertically under RAB, blew a large bubble blast and broke the surface in a high head rise about 2 m away. Surface observations during the encounter, which involved 6 -7 whales and lasted for 5.9 hr, recorded 15 bubble blasts, however these could not be linked with a particular animal. The following day, within a few minutes of entering the water in encounter 99.7.13.1, RAB experienced a fast head on approach down the line by the same animal which culminated in a wide (> 1 m) jaw gape from about 6 m to about 3 m distance (with partial throat inflation). SCRATCH closed its jaws as it passed at about 2 m distance to one side. Passengers entered the water about 12 min later and the encounter, lasting a further 5.9 hr and involving 7 -9 whales, progressed without further incident. Main behaviours (other than routine surfacing) noted from the surface included an additional bubble blast, head rises (5), belly rolls (11), spyhop (1), fast surface rolls (3), synchronous swimming of five animals (1), hovering (2) and prolonged surface swims near the videographer (2).
Accidental injury by whales. We can not rule out the possibility of accidental injury from the whales. However, dwarf minke whales are highly manoeuvrable and give the impression in their agility and speed more of dolphins than other baleen whales.
Concern has been expressed about injury from calves, which in the larger baleen whales may be more cumbersome in their approaches. Sightings of cow-calf pairs are rare; in the in-water encounters there were no close approaches by the calf. Arnold and Birtles (1999) Sea snakes (family Hydrophidae) have been seen on various occasions during open water encounters (e.g., 99.7.5.2), usually as they surface to breathe. In none of the encounters were the snakes aggressive. We can not rule out the possibility of accidental bites if a snake swimming at the surface is intercepted by a swimmer being dragged along by the rope. However, usually swimmers can be alerted to the presence of a snake by observers monitoring swimmer-whale interactions from the vessel.
DISCUSSION
Characteristics of swim program
Initiation and maintenance of encounters
A general principle of whale-watching agreed by the IWC Scientific Committee is that cetaceans be allowed "to control the nature and duration of 'interactions'" (IWC 1997, p. 250: Principle 3) . This principle underlies Australian policy documents such as GBRMPA (2000) and ANZECC (2000) . The perception that swim-with-wild-cetacean programs can not fulfil this principle, with the consequent possibility of stress to the whales, is a concern raised by organisations such as the WDCS. The initiation of dwarf minke whale encounters on reefs, where the vessel is moored, is necessarily voluntary. These encounters have been occurring since at least the mid 1980s (Arnold et al. 1987; Arnold 1997; Arnold and Birtles 1999) , with an increasing frequency of records in the Cairns and Far Northern sections of the GBR Marine Park. This increase is at least partly associated with the development of an intensive liveaboard dive industry since the mid 1980s, in which vessels visit the Ribbon Reefs each week throughout the year. It may also be associated with a greater time spent at particular sites at which whales have been encountered regularly in previous years.
Although there is an active search for whales in open water, in-water interactions depend ultimately on the whales approaching a drifting vessel. This occurred in 73% of the open water encounters (n = 85) and 46% of reef encounters (n = 45) during 1997, 1999 and 2000 (Table 2 ). Gedamke et al. (2001) gave an additional indication of these voluntary approaches. As part of a study on vocalizations conducted in parallel with our studies, six 'control' sessions were undertaken in which the hydrophones were placed in the water after searches revealed no whales in the area. In four of the six cases, dwarf minke whales subsequently approached Undersea Explorer, after a period of 15 min to 1 hr. All these observations show that dwarf minke whales regularly approach slowly moving or stationary vessels and that interactions with vessels and/or swimmers are initiated by the whales. This is consistent with the behaviour of other populations of minke whales (both B. acutorostrata and the Antarctic minke whale Balaenoptera bonaerensis) which are generally recorded as approaching slow moving or drifting vessels (Stewart and Leatherwood 1985) . Given that in open water the vessel was stopped in the vicinity of whales when they were first seen, it could be argued that operators were 'eliciting' an interaction. However, the variability from year to year (Table 2) and within season (Table 3) in the percentage of encounters leading to a prolonged interaction shows that whales do not automatically approach a vessel and underscores the fact that the approach is voluntary.
The length of reef encounters is totally under the control of whales as the vessel is moored. The extent of open water encounters is also largely under the control of the whales, as the vessel drifts, using its engines only if it is being blown towards a reef -a rare occurrence in the study area given the linear arrangement of Ribbon Reefs along the shelf edge and infrequency of reefs in this area of the GBR lagoon. These encounters may last over 6 hr, ( Table  1 ; the encounter of 10.7 hr involved both drift and slow motoring of the vessel, due to problems with the engine) with a drift of over 18 km (Fig. 2) . In such open water encounters, whales must actively maintain contact by swimming with the drifting vessel and thus control the length of the interaction. On a smaller scale, where passengers hang on to surface ropes running from the boat, the whales have control over how close and how often the approaches occur. This method should not be confused with the 'around boat' placement of swimmers documented by Constantine (2001) for swim-with-dolphin operations in New Zealand. In that case, swimmers appear to be more directly placed among the dolphins, which are forced to make a choice of staying or avoiding swimmers. The use of lines with minke whale swim programs is more comparable to Constantine's (2001) 'line abreast' placement of swimmers in that, with both techniques, the dolphins or whales can make the choice whether or not to approach.
In our data set, mean encounter length (combining both reef and open water encounters) ranged from 1.3 hr (1996, 1997) to 1.8 hr (1999), compared with a mean encounter length of 1.2 hr for encounters during 1991 -1995 (Table 1) . Open water encounters were more frequent in 2000 than 1999 but percentage of encounters leading to an interaction was lower, as was percentage of prolonged interactions ( Table 2) . Part of the increase in number of encounters may be attributed to the longer field season in 2000 (6 weeks vs 5 weeks in 1999) but another factor may relate to search time available. If there are fewer extended interactions, more time is spent searching and the potential for a larger number of encounters increases. Comparison of encounter statistics for the years 1998 -2000 (Table 1) suggest, however, a greater similarity between 1998 and 2000, with 1999 being the exception. Examination of a longer time series is necessary but the data do not indicate a consistent decrease in either encounter rates or interaction rates with time. This contrasts with Watkins (1986). That widely quoted paper on whale reactions to vessels in Cape Cod waters was based on opportunistic records over a 25 year period, part of which preceded the development of commercial whale watching in that observation area. He noted that B. acutorostrata changed their behaviour from frequent interest in vessels (in the period prior to commercial whale watching) to uninterested reactions. His time series is much longer than ours but his relatively small sample size needs to be noted (122 records on B. acutorostrata over 25 years; 18 records in the subset of data on which analyses were based).
Disruption to normal activity
Concerns have been raised about the possible disruptions by swim programs of activities such as feeding, resting, socialising, mating, nursing, as well as possible energetic costs associated with avoidance of whale watching vessels or swimmers. Our own observations over six field seasons and reports from other vessels since the early 1990s (in Arnold 1997) provide no evidence that the area where swim programs are conducted is a feeding ground. It is possible that dwarf minke whales enter the Coral Sea to feed. We have seen dwarf minke whales travelling outwards in the channels between Ribbon Reefs and, despite limited opportunities for observations in the Coral Sea due to the moderate to rough sea conditions outside the reef during the minke whale season, we have seen whales within a kilometre outside Ribbon Reef 10 and Agincourt Reefs. We have further circumstantial evidence (from oval scars -see Re-sightings and Discussion) for short-term movements into the Coral Sea. However, the fact that we have seen only one instance of defecation despite extensive underwater observations over a six year period suggests that feeding, either over the continental shelf or in open water, is restricted.
The life history of dwarf minke whales is poorly known. For B. bonaerensis, peak of conceptions is believed to occur around late August -September (Best 1982) . With a 10 month gestation period, most births would be around May -June. Apparently recently born dwarf minke whales (2.2 -3.2 m) have been recorded in April -July (Arnold 1997), so the limited data available suggests dwarf minke whales may have a similar pattern to B. bonaerensis. Estimates for lactation are 4 -6 months (north Atlantic B. acutorostrata (Jonsgard 1951) ; B. bonaerensis (Best 1982) ). By analogy, dwarf minke whales would be expected to be suckling at the time the swim programs are run (predominantly JuneJuly). The main period of conception may take place after the main minke whale swim-with season. However in other populations of minke whales the periods of births (and thus conceptions) may be extended; if the situation is similar in dwarf minke whales, swim programs may occur when at least some of the population is mating. The available information thus suggests that swim programs could potentially effect dwarf minke whales at key parts of their reproductive season (mating, conception, nursing). Based on our own observations, and those reported by crew on dive vessels, cow-calf pairs are rarely seen: in 3.4% -4.8% of encounters during 1999 and 2000 (n = 41,60) and 2.6% (4/156) of records in the sighting survey of 1991 -1995 (Arnold 1997 . Whether the small number of cow-calf pairs seen on the northern GBR reflects a reluctance by nursing cows to approach vessels or indicates that the GBR is only a marginal part of a much more extended breeding/nursing area, extending to midlatitudes (24° -38° S) (Arnold 1997), our preliminary information suggests that the swim programs impact little, if at all, on nursing cows with newborn calves.
We have insufficient information on the proportion of mature males and females to assess the potential for disruption of mating behaviour and conception. However, in the 2000 field season, one of us (AD) trialled an underwater videogrammetry technique used successfully on humpback whales (Spitz et al. 2000) . Although initial results were highly variable, the technique shows real promise in providing objective length data.
The extended nature of the dwarf minke encounters, the 'friendly' behaviour, and behaviour of some individual whales which had previously interacted with swimmers (see Results: Accidental Injury) raise issues of de-sensitisation of the whales to human contact. This has implications both for changes in behaviour of the whale and for issues of human safety (see below). We are conducting behavioural studies to address such potential problems.
Cumulative effects
Although opportunistic encounters with dwarf minke whales have been reported throughout the GBR, they occur predictably in a more restricted area, along and adjacent to the Ribbon Reefs between Port Douglas and Lizard Island (Arnold 1997; pers. obs.) . This contrasts with the case of humpback whales Megaptera novaeangliae which are susceptible to coastal whale watching operations along most of their migration along the east Australian coast (Birtles et al. 2001) . Cumulative effects are thus most likely to be on a local level.
Within the Port Douglas-Lizard Island area, advertised swim programs are currently carried out by at least four vessels, with opportunistic encounters on an additional two. While the number of vessels is small, individual encounters may be prolonged (on Undersea Explorer, up to nearly 11 hr) and, within heavily trafficked areas, the same group of whales may have extended interactions with more than one vessel within a single day. There is thus potential for localised cumulative effects, the extent of which will depend on the number of whales involved, as well as residency time of the whales. The total number of whales in an encounter differed between reef (moored) and open water (drifting) encounters, with larger numbers in the latter. Over the five week field season in 1999, about 100 animals were identified, primarily from the area between Ribbon Reefs 9 and 10 and Lizard Island. These numbers are significantly higher than in the published photo-ID based studies conducted on B. acutorostrata in the northern hemisphere. In a 5 year study off the Isle of Mull, Scotland, Gill and Fairbairns (1995) recorded 28 identified B. acutorostrata, with 11 -12 identified individuals seen each season in the years 1991 -1994 . Dorsey et al. (1990 recorded 30 individually recognised B. acutorostrata during a 10 year study in the San Juan Islands, Washington, with 15 -19 individuals seen during each of the most extensive field seasons (2 -6 months) of 1980 -1984. Resighting data suggest that composition of groups of whales involved in vessel and swimmer interactions changes over a period of days to weeks. More information on group composition is needed to assess the levels of exposure that individual whales have to swim programs.
Within the Port Douglas-Lizard Island region, sightings are seasonal, spanning March to October. This does not mean that individual whales remain in the area for that length of time. Preliminary analysis of re-sightings from the 1999 season have identified 13 individuals seen again on either one or two occasions, out of approximately 100 individuals identified during the 1999 season. The fact that the mean time between first and last sighting was 8.6 days (over a 35 day period of sighting effort), with most re-sightings within 7 days after the first sighting, suggests that individual whales may remain in the area (and thus be subject to swim program effects) for periods of days to a few weeks. However, on two whales fresh 'oval scars' appeared between sightings (both 12 days apart). Such scars on other species of cetacean have been attributed to pennellid copepods (e.g., Ivashin and Golubovsky 1978) but there was no evidence from the first sightings that a pennellid copepod occurred where the scar appeared. Lamprey wounds have been implicated in some wounds on cetaceans (Pike 1951), but lampreys only occur in southern Australia, at latitudes beyond 30° S (Paxton et al. 1989 ) and can not be responsible for the fresh scars on these dwarf minke whales. The oval scar is consistent with that attributed to a bite from a cookie cutter shark Isistius brasiliensis (see Jones 1971) . Despite a recent record of the largetoothed cookie-cutter shark Isistius plutodus over the continental shelf (McGrouther 2001) , all other records are from the open ocean (Jahn and Haedrich 1987) . Best (2001) used the presence of similar oval scars to differentiate offshore populations of Bryde's whale (Balaenoptera edeni complex) from inshore populations in southern African waters. Their presence on the dwarf minke whales suggests that these animals had been in the open ocean. Thus these individuals left the area for an unknown time between sightings, suggesting that even the 'resident' whales may not be subject to swim program interactions throughout their stay. Nonetheless, 13/100 whales were re-sighted throughout the five weeks of observation in 1999. Three of these dwarf minke whales which we first recorded in 1999 were re-sighted a year later in the same general area of the northern GBR , while a fourth whale was re-sighted two years later in the same area. Three of these four animals were female (the gender of the fourth is unknown). These data suggest the potential for geographical structuring of the population, with the possibility of several discrete breeding areas rather than a single diffuse area along much of the eastern Australian coast. Thus the swim programs may impact on a particular subset of the population which may need to be treated as a distinct management unit. Documentation of cumulative effects on known individual whales thus becomes particularly important in assessing management options.
Risk assessment
Risk of injury to whales
Vessel strikes. A recent review of collisions between vessels and whales (Laist et al. 2001) included two instances in which B. acutorostrata were struck, one apparently killing the whale. Estimated vessel speeds at the time were 25 and 30 knots respectively. Vessels presently used in the live aboard dive industry have a lower cruising rate (approximately 9 -12 knots). With increasing size and speed of vessels carrying tourists to reefs in the Cairns section of the GBR, the potential for vessel strikes must be considered. This problem, however, is not specific to swim programs. One of the perceived greater risks of swim programs is the close proximity, particularly of vessels, to cetaceans with the attendant risk of injury. This assumes that vessels are being manoeuvred to maintain close contact with the cetaceans. In the present case, maintenance of the encounter is largely under the control of the minke whales. The engine is normally off and the vessel is rarely manoeuvred, except for safety. This situation contrasts markedly with some surface based whale watching activities and with at least some dolphin swims in which vessels are repeatedly manoeuvred to place swimmers in close proximity to the cetaceans (Constantine 2001). The need to address diver safety (e.g., mother ship with propeller disengaged while swimmers are in the water; dive tender legally required to have a propeller guard) is likely to further minimise vessel risks to whales as compared to surface based whale watching endeavours.
We do not address acoustic impacts in this paper but the noise levels can be determined from a parallel project on vocalisations of dwarf minke whales carried out on Undersea Explorer by J. Gedamke (University of California, Santa Cruz). The procedure of stopping the vessel and putting engines in neutral when in the vicinity of whales, minimising any manoeuvring when with whales and slowly building up speed at the end of the encounter follow the recommended procedures in McCauley et al. (1996: pp. 19-20) to minimise acoustic impacts.
In almost 60% of the cases in 1999, the interaction was terminated by the vessel. It is at this time that great vigilance needs to be taken to avoid the possibility of injury to whales. We have found that dwarf minke whales behaviour changes as soon as the vessel starts moving; whale's may abort a downwind run towards the vessel; others continue past the bow but at increased speed. Dwarf minke whales are active and highly manoeuvrable; we have seen one repeatedly circle the vessel while it was cruising at 8.5 -9 knots. Particular attention has to be paid, however, to the position of whales around the boat before the propeller is engaged. Strict adherence to the existing guidelines for vessel manoeuvring in the presence of whales (e.g., no wake speed) and the presence of a lookout, keeping track of whales as the vessel motors away, are essential to avoid accidents.
Deliberate injury. Frohoff (2000) documented cases in which sociable, wild dolphins were deliberately injured or killed. We have seen no evidence of such injury in the scars on dwarf minke whales but continue to examine scars which could be of human origin. An additional concern involves the possibility that whales become de-sensitised to vessels and are thus more susceptible to hunting activities. At present, this seems less of a threat given that there are no directed hunts for dwarf minke whales and they have not been recorded in the Japanese scientific whaling statistics since 1993.
Disease. Simmonds (2000) noted the increasing opportunities for cross-infection of disease between humans and cetaceans associated with humanwildlife interactions. An activity such as swim programs, which involves particularly close encounters, may represent a higher risk of disease transmission to cetaceans. It is important, however, to consider the mode of transmission. Transmission through sullage from the vessel is a possibility although, with swimmers in the water through the encounter, release of sullage occurs only by accident. Any such incident is subject to immediate negative feedback from swimmers in the water. Thus for any pathogen transmitted through faecal contamination, swim programs may represent less of a risk than other whale watching operations.
Touching cetaceans is illegal under Environment Protection and Biodiversity Conservation Act 1999 and this is strongly enforced in the dwarf minke whale swim programs. We have found that once the reasons for the policy (potential harassment, risk of disease transmission) are properly explained to passengers, and that they have been properly prepared for the experience in pre-swim briefings, that compliance is almost total.
Aerosol transmission has been suggested for at least some dolphin morbillivirus epidemics although other in-water transmission routes can not be ruled out (Geraci and Lounsbury 2002) . Given that minke whales may surface to breathe near the swimmers breathing through snorkels, there is a possibility of aerosol human to whale transmission of disease although it is impossible to assess the probability. Although we can not assess the risk of disease transmission, we are in a position to monitor for signs of skin disease or prevalence of external parasites (Pennella, Xenobalanus). External parasite burden has been used in other cetacean species as an indicator of poor condition (e.g., Aguilar and Raga 1993) .
Risk of injury to humans
Although this is not of concern in the management of whale populations, human safety is raised as an issue in almost all legislation controlling (or banning) swim programs. In the present case, there are potential risks from close proximity to the whales, the challenging sea conditions that prevail in open water during the minke whale season and from other marine wildlife such as sharks. These risks are largely unquantifiable, but passengers do need to be aware that they are present.
Injury from whales. Human injuries (and even a fatality) have been recorded from odontocetes (Frohoff 2000) . However, we have not seen aggressive actions by dwarf minke whales despite extensive in-water observations. The potential for aggression should be reduced in interactions where the whales are in control of the duration and nature of encounters. Behaviours such as jaw gape and bubble blasts that could be considered threat displays have been documented during the whale-swimmer interactions although these behaviours are seen in a variety of contexts (pers. obs.) and can not be automatically considered as threat display. Such behaviour does, however, need to be closely monitored. More frequent interactions with vessels and swimmers, however, could lead to a change in behaviour (e.g., de-sensitisation of individual whales to humans, leading to close contacts with swimmers and an increased potential for accidental injuries). We are already seeing some signs of closer approaches in certain whales which have previously interacted with vessels and swimmers (see Results). This behaviour needs to be carefully monitored.
Elsewhere we have outlined some similarities between 'friendly behaviour' of E. robustus and dwarf minke whales. In the case of E. robustus, this has resulted in occasional incidents where skiffs have been lifted by a whale or jostled hard enough to knock a passenger overboard (Jones and Swartz 1984) . Only a few opportunistic in-water encounters with E. robustus have been reported. A recent account (Hall 2000) indicates, however, that even apparently friendly behaviour of E. robustus could result in injury. Similarly an anecdotal account (Nolan 1996) of snorkelling with Eubalaena australis in Argentina included an instance where one swimmer was held underwater by a calf and another rammed into a boat. Neither action was considered aggressive but still could have caused injury. Dwarf minke whales are smaller and more manoeuvrable than E. robustus or Eubalaena spp so that there may not be exact parallels with the examples presented above. Nonetheless pre-swim briefings need to clearly alert passengers that, despite their name, dwarf minke whales are powerful, wild animals which may weigh several tonnes and can accelerate very rapidly. Passengers have to be aware, therefore, of the potential risk of injury. Caution should be exercised and interactions constantly monitored for overly forceful or exuberant behaviour by the whales, especially with animals which have previously interacted with vessels and swimmers, and which therefore may be more likely to make particularly close approaches.
Disease. Higgins (2000) reviewed bacteria and fungi known from marine mammals. The bacteria Abiotropha balaenopterae and a Brucella sp., a potential zoonotic infectious agent, have been isolated from minke whales. In assessing the probability of disease transmission, one again has to consider the mode of transmission. The most frequently suggested route, through bites, may be relevant to dolphins and other odontocetes (Simmonds 2000) but would seem less of a risk with mysticetes such as the dwarf minke whale. Aerosol transmission as a whale breathes near groups of swimmers using snorkels can not be ruled out.
Management implications & research needs
The swim program which we describe is based on the dwarf minke whale, a poorly known taxon which has not been formally named (Rice 1998). It is considered 'Insufficiently Known' in Bannister et al. (1996) and the chances of getting information on population size or rate of increase are at present minimal. There is, moreover, little information on other minke whale forms or species at low latitudes (Winn and Perkins (1976), Mitchell (1991) and van Waerebeek et al. (2000) for north Atlantic B. acutorostrata; Williamson (1975) and Singarajah (1984) for B. bonaerensis off Brazil) to consider in the absence of data on the dwarf minke whales themselves. There are unresolved issues with potential changes in behaviour and possible cumulative effects of the interactions. Nonetheless we feel that banning the dwarf minke whale swim programs, as has been done with swim-with-whales programs in other countries, is not an option. This applies in particular to interactions which occur while a vessel is moored at a reef. The Ribbon Reefs ,where most of the interactions take place, contain many of the prime dive sites on the GBR. Moorings are placed at particular reefs because of their importance as dive sites and vessels will continue to use these moorings on a weekly basis. Unless there is a change in the behaviour of the whales, they will continue to interact with vessels and swimmers at those sites.
While a ban may not be appropriate, specific management policies are clearly needed. In the absence of information on biological effects, our initial efforts have concentrated on producing guidelines (Arnold and Birtles 1999, revised 2002 Code is available on www.reef.crc.org.au/ aboutreef/wildlife/minkewhalecode.html) which aim to manage swimmer behaviour. By managing swimmer behaviour, the goal is to ensure that the interactions are as much as possible controlled by the whales themselves. Direct observations of interactions based on the guidelines and analysis of the experiential data provide the means to assess how successfully this goal is being achieved and, if necessary, how procedures can be improved. Given the extended area covered by live-aboard vessels, with attendant problems in surveillance and policing of legislation, industry co-operation and selfregulation is crucial. Further work needs to address effectiveness of the guidelines, levels of compliance with the guidelines and ways of enhancing compliance through interpretive material for operators and passengers.
There are operational matters which need to be considered. Table 3 indicates week to week variability in the number of prolonged interactions (over an hour), during a six day period. This variability can be accommodated to a certain extent in the existing situation where advertised swim programs occur on an extended trip, lasting from 3 -6 days. Shorter trips (and especially day trips) can be expected to have a lower encounter rate, even at the height of the season. This in turn could lead to greater pressures to 'elicit' an interaction with any group of whales encountered -hence a deviation from the principle that whales control the nature of the interaction. For this reason, attempts to expand the industry to include advertised swim programs from day boats should be treated with caution.
The Australian National Guidelines for Cetacean Observation (ANZECC 2000) are divided into Tier 1 (general) and Tier 2 recommendations, the latter to cover "additional requirements to be considered on a regional basis as necessary". Tier 2 requirements include assessment of the need for limits on number of swimmers per day, maximum interaction time with a pod, maximum cumulative interaction time with a pod/population, time required between successive swim attempts and need for a closed season. In order to apply these Tier 2 requirements to the dwarf minke whale swim programs, much more information on cumulative effects is needed. Such information is also necessary in establishing critical response thresholds to biologically significant effects, as advocated by a recent workshop on assessing long term effects of whale watching (IWC 2000) . Photo-ID studies offer considerable promise in providing a first estimate of numbers of dwarf minke whales within the area used for swim programs, site fidelity, residence time and thus the potential exposure time of individual whales to swim programs.
As a more general point, we would endorse the recommendation of the IWC Scientific Committee (IWC 2000) that management decisions on swim programs (including whether they should even be allowed) should be on a species by species and case by case basis. Much of the existing literature on swimmer/cetacean interactions is based on odontocetes rather than mysticetes and involve quite different operational procedures. These studies are thus of limited relevance to the dwarf minke whale program documented here. On the other hand, certain of the procedures which we advocate, such as the use of lines which swimmers hold on to, may be inappropriate for larger, less manoeuvrable species such as humpbacks and right whales, especially where calves are present, or for those species which do not undertake repeated voluntary approaches to vessels. 
